In this article, the two variables (G � ∕G, 1∕G)-expansion method is suggested to obtain abundant closed form wave solutions to the perturbed nonlinear Schrodinger equation and the cubic-quintic Ginzburg-Landau equation arising in the analysis of various problems in mathematical physics. The wave solutions are expressed in terms of hyperbolic function, the trigonometric function, and the rational functions. The method can be considered as the generalization of the familiar (G′/G)-expansion method established by Wang et al. The approach of this method is simple, standard, and computerized. It is also powerful, reliable, and effective.
Introduction
Investigations of exact wave solutions to nonlinear evolution equations (NLEEs) play the central role in the study the complicated tangible phenomena. The exact solutions provide much information
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The modeling of most of the real-world phenomena lead to nonlinear evolution equations (NLEEs). In order for better understanding the complex phenomena, exact solutions play a vital role. Therefore, diverse group of researchers developed and extended different methods for investigating closed form solutions to NLEEs. In the present article, we use the two variables-expansion method to investigate closed form wave solutions of the perturbed nonlinear Schrodinger equation and the cubic-quintic Ginzburg-Landau equation. Consequently, we obtain abundant closed form wave solutions of these two equations among them some are new solutions. We expect that the new closed form solutions will be helpful to explain the associated phenomena.
Description of the (G � ∕G, 1∕G)-expansion method
In this section, we depict the main steps of the (G � ∕G, 1∕G)-expansion method for finding traveling wave solutions to NLEEs. Let us consider the second-order linear ordinary differential equation ( and for minimalism here and later on, we let By means of (2.1) and (2.2), we obtain
The general solution of LODE (2.1) depends on the sign of and thus we obtain the following three types of solutions:
Case 1: When < 0, the general solution of LODE (2.1) is given as,
where A 1 and A 2 are two arbitrary constants and wherein = A Case 3: When = 0, the general solution of LODE (2.1) is as follows:
where A 1 and A 2 are two arbitrary constants and Let us consider a general nonlinear evolution equation (NLEE), in three independent variables say, x, y, and t, Usually, the left-hand side of Equation (2.7) is a polynomial in u (x, y, t) and its different partial derivatives. In order to investigate exact traveling wave solutions of NLEEs by means of the two variables (G � ∕G, 1∕G)-expansion method, the following steps need to be performed:
Step 1: By means of the wave variable = x + y − v t, u(x, y, t) = u( ), Equation (2.7) can be reduced to an ODE as follows:
(2.1) 
Application of the method to the perturbed nonlinear Schrodinger equation
In this section, we implement the (G � ∕G, 1∕G)-expansion method to extract traveling wave solutions to the perturbed nonlinear Schrodinger Equation (1.1). Since u(x, t) in Equation (1.1) is a complex function, so we assume that x, t) are real function and 1 , , k, c are arbitrary constants to be calculated. Substituting (3.1) into Equation (1.1), we have two ODEs for δ(ξ):
and Integrating (3.3) with respect to ξ and setting the constant of integration to be zero yields Now the necessary and sufficient condition for a nontrivial solution of the function δ = δ(ξ) satisfying both (3.2) and (3.4) is that, the coefficients of (3.2) and (3.4) should be proportional.
Therefore, we get (Shehata, 2010) : By balancing the highest order derivatives term δ″ with the nonlinear term of the highest order δ 3 appearing in (3.5), we obtain the balance number N = 1. So, the solution of Equation (3.5) has the form:
where a 0 , a 1 and b 1 are constants to be estimated afterward. There are three cases, we have discussed earlier and we give the related theorems.
Case 1: When < 0 (Hyperbolic function solutions), substituting (3.6) into (3.5) and with the help of (2.3) and (2.4), the left-hand side of (3.5) be converted into a polynomial in φ and ψ. Setting the coefficients of the similar power to zero yield a system of algebraic equations in a 0 , a 1 , b 1 , ( < 0), and σ:
Solving above algebraic equations by using Mathematica, yield three sets of solutions:
(a) Using Equations (3.1) and (3.6), we get the solution of the perturbed nonlinear Schrodinger Equation (1.1) for A < 0 and B < 0:
Then solution (3.6) yields (3.6) 
Therefore, we obtain
Hence, for this case we have the exact solution of (1.1) in the following form Case 2: When > 0 (Trigonometric function solutions), similar to case 1, after solving a system of algebraic equations by using Mathematica, we have the three solutions:
(a) Using Equations (3.1) and (3.6), we get the solution of the perturbed nonlinear Schrodinger Equation (1.1) for A < 0 and B > 0:
A 1 sinh 
A 1 sin Using Equations (3.1) and (3.6), we get the solution of the perturbed nonlinear Schrodinger Equation (1.1) for A = 0 and B < 0: Therefore, we get Hence, we have for this case the exact solution of (1.1) in the form 
Implementation of the method to the nonlinear cubic-quintic Ginzburg-Landau equation
For the nonlinear cubic-quintic Ginzburg-Landau equation, we assume that
is called the reduced time, t is the physical time, v 0 is the group velocity of the carrier wave, k is the real parameter, a (x, ) and (x, ) are real functions.
By means of (4.1), Equation (1.2) transformations into a complex function and splitting real and imaginary parts, we get and where l 0 , l 1 , h 0 , h 1 are all constants to be determined. , so we substitute a ( ) = 1 2 ( ) which yields Balancing the highest order derivative terms and the highest order nonlinear terms, we obtain N = 1. Therefore, solution shape of Equation (4.7) has the form, where a 0 , a 1 and b 1 are constants to be determined. As previous there are three cases we have to discuss.
Using (4.4), and setting
Case 1: When < 0, substituting (4.8) into (4.7) and using (2.3) and (2.4), the left-hand side of (4.7) becomes a polynomial in φ and ψ. Setting each coefficient to zero, gives a system of algebraic equations in a 0 , a 1 , b 1 , ( < 0), , and σ: = 0, Solving these algebraic equations by utilizing Mathematica, we obtain the three set of solutions:
(a) Using Equations (4.1) and (4.8), we get the solution of cubic-quintic Ginzburg-Landau Equation (1.2) by considering the following first set of solution from above algebraic equations:
Therefore, the solution of Equation (4.7) is, Therefore, the exact wave solution of the nonlinear cubic-quintic Ginzburg-Landau Equation (1.2) is, Particularly, if we put A 1 = 0 and A 2 > 0 in (4.9), the following solitary wave solution can be found as Alternatively, if we put A 2 = 0 and A 1 > 0 in (4.9), the following solitary wave solution can be found (b) Using Equations (4.1) and (4.8), we get the solution of Equation (1.2) by considering the following set of solution for σ < 0 and r 2 < 0, 
1 r 2 and = . To fix, if we choose A 1 = 0 and A 2 > 0 in (4.15), we obtain the following solitary wave solution Again, if we choose A 2 = 0 and A 1 > 0 in (4.15), we obtain the following solitary wave solution Case 2: When > 0, similar to case 1, after solving a system of algebraic equations by using Mathematica, we obtain three kind of solutions: (a) By using the Equations (4.1) and (4.8), we get the solution of Equation (1.2) by choosing the following set of solution for r 2 < 0 and l 1 < 0, And so, the solution of Equation (4.7) turns into,
As a result, we obtain the subsequent wave solution of the nonlinear cubic-quintic GinzburgLandau Equation (1.2), In particular, if we consider A 1 = 0 and A 2 > 0 in (4.21), the following wave solution can be found,
Once again, if we consider A 2 = 0 and A 1 > 0 in (4.21), the following wave solution can be found, (c) By using the Equations (4.1) and (4.8), we get the solution of Equation (1.2) by considering the following set of solution for r 2 < 0 and l 1 < 0, 
For these values of the parameters the solutions Equation (4.7) becomes, Accordingly, the subsequent wave solution of the nonlinear cubic-quintic Ginzburg-Landau Equation (1.2) is obtained.
where P = 
Results and discussions
The G � ∕G, 1∕G-expansion method has been used to obtain exact traveling wave solutions involving arbitrary parameters of the perturbed nonlinear Schrodinger equation and the cubic-quintic Ginzburg-Landau equation arising in the analysis of wave in complex media. We get many familiar solitary waves as the two parameters A 1 and A 2 receive special values. The key point of this method is that, using the wave variable we transform the NLEE into an ODE. When we take μ = 0 in Equation (2.1) and b i = 0 in (2.9), then the two variables G � ∕G, 1∕G expansion method transforms to the modified G � ∕G-expansion method. By this method, we get a solution of the polynomial form in two variables G � ∕G and 1∕G in that case G = G( ) is the general solution of (2.1).
In this article, nineteen traveling wave solutions of the perturbed nonlinear Schrodinger equation and twenty new traveling wave solutions of the cubic-quintic Ginzburg-Landau equation have been successfully obtained by using the G � ∕G, 1∕G expansion method. The solutions of the Schrodinger Equation (1.1) and the cubic-quintic Ginzburg-Landau Equation (1.2) depend on the chosen constants A, B, D and ρ, σ, as less than zero (> 0 or = 0), respectively. The six solutions (3.7)-(3.9) and (3.16)-(3.18) of the perturbed nonlinear Schrodinger equation are identical to the solutions obtained in (Shehata, 2010) , if we set 1 0 and 2 0 is equal to zero. Other thirteen solutions of the Schrodinger equation are new which might be important in the wave analysis. We see that by using the two variables G � ∕G, 1∕G expansion method we get abundant closed form wave solutions.
Conclusion
In this article, the two variables G � ∕G, 1∕G-expansion method has been suggested and used to obtain the exact traveling wave solution to the perturbed nonlinear Schrodinger equation and the cubic-quintic Ginzburg-Landau equation. It is seen that three types of traveling wave solution in terms of hyperbolic, trigonometric, and rational functions of these equations have successfully been found ( ) = 3r 1 4r 2 . .
